Background and Purpose-Isolated dysarthria, termed pure dysarthria, develops rarely after stroke, and its pathophysiology remains unclear. To clarify the underlying mechanism of pure dysarthria, we investigated lesion sites and cerebral blood flow in patients with pure dysarthria. Methods-We examined 12 patients with pure dysarthria who underwent MRI and cerebral blood flow study. To visualize cortical blood flow, a three-dimensional display was generated from single-photon emission computed tomography (SPECT). Regional cerebral blood flow of the patients was semiquantitatively measured with SPECT and N-isopropylp[ 123 I]iodoamphetamine as a tracer and compared with that of 11 control subjects. Results-On MRI, multiple lacunar infarctions were noted bilaterally in 11 patients, all of whom had lesions involving the internal capsule or corona radiata. The other patient had a unilateral internal capsule-corona radiata infarction. Three-dimensional display showed frontal cortical hypoperfusion in 8 patients. Since interhemispheric differences of blood flow were not significant in any region of the 12 patients, the mean of left and right cortical blood flow was analyzed. Compared with the control subjects, cortical perfusion was significantly reduced in the patients' frontal regions, sparing the sensorimotor, temporal, and parietal cortices and the cerebellum. Reductions of perfusion were rather pronounced in the anterior opercular, medial prefrontal and premotor, and anterior cingulate regions. Conclusions-Pure dysarthria results mainly from multiple lacunar infarctions, which induce frontal cortical hypoperfusion, probably due to interruption of corticosubcortical networks. We conclude that frontal cortical hypoperfusion, particularly in the anterior opercular and medial frontal regions, plays an important role in the development of pure dysarthria. (Stroke. 1999;30:109-113.)
I
solated dysarthria from stroke, termed pure dysarthria (PD), is very rare, because sudden onset of PD is usually associated with other neurological deficits. 1 Fisher 2 defined PD as a variant of lacunar syndromes, caused by a pontine base infarction. However, the boundaries of PD still remain unclear, because clinical features of reported cases of PD have not been uniform, with variations of mild concomitant deficits. [1] [2] [3] [4] [5] For instance, there seems to be no definable point of demarcation between PD and dysarthria-clumsy hand syndrome. 5 In addition, lesion sites responsible for PD varied from case to case. In the majority of cases, PD resulted from subcortical lesions, but in some cases cortical lesions produced PD. 4, 5 These inconsistent clinical and radiological findings in PD imply the multiplicity of causative conditions. Previous clinicoanatomical studies using CT or MRI have not necessarily clarified the underlying mechanism of PD, because damage to the brain induces a remote effect or compensatory function in the multifarious ways. 6, 7 In the present study, we attempted to clarify the pathophysiology of PD by assessment of clinical features, lesion sites, and regional cerebral blood flow (rCBF).
Subjects and Methods

Subjects
Twelve right-handed patients with PD participated in this study between July 1988 and February 1997. At the onset, all patients complained of sudden dysarthria but not of any other sensorimotor symptoms. The main characteristics of dysarthria were slurred, indistinct articulation with slow, low-pitched prosody, involving labial, lingual, and palatal consonants. Comprehension of spoken language and ability of writing were intact. Three patients presented with unilateral facial palsy and 2 with unilateral lingual palsy. Mild dysphagia was noted in 2 patients. In all patients muscle strength and limb coordination were preserved, but 7 patients exhibited slight to mild neurological signs, including brisk deep-tendon reflexes, arm pronation, or unsteady tandem gait. Their clinical features are summarized in Table 1 . All patients underwent MRI and measurement of rCBF between 10 and 54 days after the onset, when dysarthria was still present. Eleven healthy subjects (meanϮSD age, 67.6Ϯ10.6 years) who had no brain lesions on CT or MRI underwent rCBF measurement as controls. There was no significant difference in age between the patients and controls. Written informed consent was obtained from the control subjects as well as the patients before participation in this study.
Methods
Measurement of rCBF was performed with single-photon emission computed tomography (SPECT) with N-isopropyl-p[ To clarify involvement of the cerebral cortex, a threedimensional surface display was created from the transaxial slices of SPECT early images with use of the STARCAM computer system. 8 The threshold value to define the surface boundary was 55% of the global maximum counts in SPECT images. We adopted the threshold value because the 11 control subjects showed no defect in any cortical area at the 55% or lower threshold. Semiquantitative rCBF values were computed as follows. 9 123I-IMP uptake in individual brain areas was quantified by visually placing regular 4ϫ4 pixel regions of interest (ROI), corresponding to 15ϫ15ϫ7.5 mm 3 brain volumes on 28 positions standardized by inspection with reference to a stereotaxic brain atlas. 10 These consisted of the following numbers of ROIs on each brain region: prefrontal, 2 (medial, lateral); anterior operculum, 1, anterior cingulate, 1; medial premotor, 1; sensorimotor, 2 (superior, inferior); parietal, 2 (superior, posterior); temporal, 3 (superior, middle, inferior); occipital, 1; and cerebellum, 1; all bilaterally. Uptake in each region was defined as the mean count per pixel in that region. Since IMP uptake in the occipital cortex is usually highest among these regions, the ratio of uptake in each region was measured relative to the mean uptake in the bilateral occipital region. For each region, an asymmetry index reflecting the degree of perfusion difference between the left and right sides was calculated. The formula used was 2ϫ͉LϪR͉/(LϩR). Statistical analysis of rCBF was performed by use of the Wilcoxon signed-rank test, F test, and nonpaired t test. The criterion of statistical significance was PϽ0.05.
Results
Lesion Sites
Eleven of 12 patients showed bilateral multiple lacunar infarctions, and 1 patient (No. 10) had a unilateral internal capsule (IC)-corona radiata (CR) infarction ( Table 1) . As shown in Figure 1 , either the IC or the CR was involved in all patients (unilateral in 3, bilateral in 9). IC infarctions were noted in 8 patients, of whom 6 had lesions in the posterior limb, 3 in the genu, and 1 in the anterior limb. Nine patients had CR infarctions (anterior portion in 3, posterior portion in 2, anterior and posterior portions in 4). The pons was involved in 3 patients, the thalamus in 1, and the basal ganglia in 1. Ten patients showed periventricular high intensity on T2-weighted MRI.
Cerebral Blood Flow
Three-dimensional surface displays revealed frontal cortical hypoperfusion in 8 of 12 patients. No perfusion defect was detected in other cortical areas. A representative case is shown in Figure 2 , in which the frontal cortex was 
TG indicates tandem gait; JR, jaw reflex; DTR, deep tendon reflexes; AP, arm pronation; BR, Babinski reflex; ML, multiple lacunar infarcts; PI, pontine infarct; IC, internal capsule; CR, corona radiata; and FH, frontal hypoperfusion.
hypoperfused mainly in the parasagittal and anterior opercular regions. Semiquantitative measurement of rCBF denoted that there was no significant interhemispheric difference (asymmetry index) in any regions in the patients (Wilcoxon signed-rank test). Hence, the mean of left and right rCBFs was analyzed for statistical comparison. Table  2 illustrates the ratio of 123 I-IMP uptake in each region and statistical comparisons. The variances of rCBF values in the patients and control subjects were statistically identical in each region except for the inferior sensorimotor cortex and cerebellum (F test). Cortical blood flow in the patients was significantly reduced in the frontal cortex but not in the parietal and temporal cortices and the cerebellum compared with the control subjects (nonpaired t test). Frontal cortical hypoperfusion was rather pronounced in the anterior opercular, medial prefrontal and premotor, and anterior cingulate regions. Cortical perfusion was not decreased in the superior and inferior portions of the sensorimotor cortex.
Discussion
The status of PD still remains to be conclusively defined, particularly with respect to accompanied neurological deficits. 4, 5 Acute onset of dysarthria was the main clinical feature of our patients, and concomitant neurological signs, if present, were very mild. Facial and lingual muscles were affected in 3 and 2 patients, respectively, but other cranial nerves were spared. Although 2 patients showed slight titubation on tandem gait, their gait was not wide based and limb coordination was not clumsy. Six patients presented with mild pyramidal signs, such as brisk deep-tendon reflexes and arm pronation, but their muscle strength was preserved. Thus, clinical manifestations of our patients were compatible with PD and did not border on dysarthria-clumsy hand syndrome or other lacunar syndromes. 2, 11 In previous clinicoanatomical studies of PD, lesions responsible for PD were centered in the IC and CR, and IC lesions tended to involve the anterior limb, genu, and anterior parts of the posterior limb. 1, [3] [4] [5] 12, 13 Other lesion sites associated with PD have included the basal ganglia, pons, bulbar motor cortex, and cortical regions supplied by the middle cerebral artery. 4, 5, 13 Some of these cases resulted from bilateral lesions. 13 In agreement with previous studies, all of our patients suffered from IC-CR infarctions. Since our patients showed no limb paresis, the most caudal portion of the IC could be spared in them. While most of previously reported cases with PD resulted from a unilateral IC-CR lesion, 9 of our 12 patients had bilateral IC-CR infarctions and only 1 had a unilateral one. It looks likely that bilateral IC-CR lesions induce PD more frequently than do unilateral ones, provided the pyramidal tract is spared. [12] [13] [14] For F values, the significance of variance ratios was tested by the F test (*PϾ0.05); for P values, the significance of differences was compared by nonpaired t test.
In addition to MRI features, the present results revealed a characteristic pattern of brain perfusion in patients with PD. Although the patients had subcortical lesions without cortical involvement, cortical blood flow was decreased mainly in the frontal cortex. Vascular mechanism is a possible cause to account for such cortical hypoperfusion. However, the regional distribution of cortical hypoperfusion is not necessarily in favor of the vascular theory. In our cases there was a predilection of frontal perfusion defects in which the anterior operculum and medial frontal cortex were considerably affected. Since the former is supplied by the middle cerebral artery and the latter by the anterior cerebral artery, it seems unlikely that a disorder of each major vessel results in such a regional distribution of cortical hypoperfusion. Besides, no watershed pattern of hypoperfusion indicative of a major vessel disorder was seen on SPECT. An alternative explanation concerns the remote effect termed "diaschisis," in which interruption of neural networks from a focal lesion induces depression of neural activities in a distant area of the brain. 8 In line with this theory, multiple white matter lesions can disrupt corticosubcortical connections indispensable for speech output. Frontal cortical hypoperfusion results usually from white matter disease such as Binswanger's disease. In our previous study, patients with Binswanger's disease showed widespread hypoperfused regions, including the sensorimotor cortex and cerebellum as well as the frontal cortex. 15 This indicates that Binswanger's disease involves more extensive corticosubcortical connections than PD. Because extensive white matter lesions produce sensorimotor deficits other than dysarthria, PD necessitates restricted damage to neural circuits. It appears likely that PD is attributable to IC-CR lesions resulting in cortical hypoperfusion mainly in the anterior opercular and medial frontal regions.
The anterior operculum is a candidate for dysarthria of cortical origin, since this area controls voluntary movements necessary for vocalization and articulation. 16, 17 Bilateral anterior opercular lesions cause facio-pharyngoglosso-masticatory palsy with dysarthria and dysphagia (Foix-Cavany-Marie syndrome), and a mild form of this syndrome can be produced by unilateral anterior operculum damage. 13, 16, 18 The frontopontine and frontobulbar tracts, including descending fibers from the anterior operculum, pass through the genu and anterior and posterior limbs of the IC, 3, 4, 18 while the corticospinal tract occupies the most posterior part of the IC posterior limb. These clinicoanatomical facts favor the idea that multiple lacunar infarctions involving the IC-CR can disrupt neural connections with the anterior operculum. In fact, subcortical lesions in the IC-CR produce dysarthria with facial, velar, or lingual palsy without hemiparesis. 4, 5 Clinical and experimental studies suggest that the medial frontal cortex is relevant to speech expression. Stimulation of the parasagittal prefrontal cortex induces vocalization and utterances, and medial frontal infarction from the anterior cerebral artery occlusion has been reported to cause motor aphasia. 19 The medial premotor cortex, probably corresponding to the supplementary motor area (SMA), appears to play a role in vocalization, because damage to the SMA lead to speech expression disorders. 20 The SMA receives a fair amount of information from the cingulate gyrus. The anterior cinguli works as a center for controlling phonation, and mutism can result from damage to the anterior cingulate cortex. 21 Corticocortical connections between these frontal cortices and other language areas are crucial for generating complicated utterances. 22 Hence, dysfunction of the anterior operculum and medial frontal cortex is a likely cause of PD. In our cases frontal cortical hypoperfusion reflected dysfunction of these regions, possibly due to interruption of thalamocortical and corticothalamic fibers as well as frontopontine and frontobulbar tracts. 3, 8, 17 A problem remaining to be solved is whether PD is a distinct lacunar syndrome. Some authors regarded PD as a variant of dysarthria-clumsy hand syndrome. 1, 5 Although clinical features of PD are variable among cases, the pure form of PD, without cranial nerve palsies or sensorimotor deficits, differs from dysarthria-clumsy hand and other lacunar syndromes if rigid clinical criteria are used. 2, 11 Besides, typical lesion sites differ between patients with PD and dysarthria-clumsy hand syndrome. Most cases of PD result from IC-CR lesions, whereas those of dysarthriaclumsy hand syndrome are caused by pontine base lesions. 11 PD can arise from either lacunar or cortical infarction without clinically evident differences. 4, 5 As is the case for PD, however, other lacunar syndromes can result from cortical lesions as well. 1 In this regard, PD is considered a distinct lacunar syndrome, because cortical lesions are a much less frequent cause than lacunar infarctions. It is conceivable that PD originates mainly in lacunar infarctions and that disruption of frontal corticosubcortical networks is crucial for the development of PD.
